The composition of hexane and ether extracts from buds of two poplar species (Populus balsamifera and P. nigra) was investigated by GC-MS method. In hexane extracts, 54 "neutral" compounds were recorded. The greatest amounts of them are sesquiterpenes and nalkanes. Among 56 components of ether extracts, many aliphatic acids and hydroxyacids were detected. However, the main fraction consists of phenolcarboxylic acids, substituted cinnamic acids, and their esters. It was established that chemotaxonomic differences between Populus balsamifera and P. nigra are observed in the case of both hexane and ether bud extracts.
Introduction
The exudate from buds of many plant species of the Populus genus is the principal initial component of the plant material processed by bees into propolis (Marcucci, 1995) . This valuable product has long been widely used in popular medicine for treating wounds and ulcers. The antiseptic properties of poplar buds exudate and propolis are mainly due to phenol carboxylic acids (PCA) and flavonoids contained in them. The same components principally determine poplar resistance to microbial infection (Scaysbrook et al., 1992) .
The composition of bud exudate is characteristic of different species or even clones of poplar (Greenaway et al., 1989) . Therefore, its investigation is of interest from the viewpoint of chemotaxonomy of this polymorphous genus of the Salicaceae family and its selection. The main characteristic used in the chemosystematics of poplar is the composition of phenol compounds: PCA, their esters and flavonoids. Hence, in recent years, many investigations dealt with the phenolic (acidic in nature) component of buds exudates of European, Asiatic, and North American poplar species (Scaysbrook et al., 1992; Greenaway and Whatley, 1991; Greenaway et al., 1992a Greenaway et al., , 1992b English et al., 1992; Maciejewicz et al., 2002) .
"Neutral" exudate components, such as terpenoids, have been much less investigated. These compounds are also widely represented in the 0939Ð5075/2003/0500Ð0355 $ 06.00 " 2003 Verlag der Zeitschrift für Naturforschung, Tübingen · www.znaturforsch.com · D plant world, their biosynthesis is different for each species, and therefore, their composition may be used for chemosystematics. However, the methodology used in the preparation of exudates for analysis (extraction by a polar organic solvent, its complete distillation, and lyophilic drying before derivatization) (Greenaway et al., 1992a (Greenaway et al., , 1992b English et al., 1992; Maciejewicz et al., 2002) lead to a loss of a considerable part of relatively volatile terpenoids.
In the present paper we report the results of simultaneous determination of "neutral" and "acidic" compounds extracted by solvents of different polarities from buds of two poplar species: Populus balsamifera L. (section Tacamachaca) and Populus nigra var. pyramidalis (section Aigeiros).
Experimental

Sample preparation and analysis
Buds of two poplar species were collected in April 2002 from trees growing in the Białystok park zone. Freshly collected buds (5 g) were placed in vessels with sealed stoppers, 25 ml of nhexane was poured on them, and the mixture was kept for 4 h with periodic stirring. After this the solvent was poured off, the buds were washed with 15 ml of n-hexane, and the solvent was removed from the combined extracts to a volume of 0.5 ml under vacuum on a rotor evaporator.
After extraction with hexane, the buds were dried in air and crushed. To the resulting powder was added 25 ml of diethyl ether and mixture was stored for 4 h. The ether extracts were filtered; the residue was washed with 10 ml of ether and evaporated to dryness under vacuum. To the dry residue 50 µl of pyridine and 100 µl of BSTFA (Sigma) were added. The resulting solution was heated for 1 h at 60 ∞C to form trimethylsilyl derivatives (TMS).
Hexane extracts and solutions of TMS derivatives were analyzed by GC-MS on a Perkin-Elmer Turbo-Mass instrument supplied with a PE-5HT fused silica capillary column (30 m ¥ 0.25 mm). Helium flow rate through the column was 1 ml min Ð1 with a 1:50 split. The injector temperature was 250 ∞C. Hexane solutions were separated in the temperature programming regime from 40 to 280 ∞C at a rate 3 ∞C min
Ð1
. The initial column temperature for the separation of TMS was 50 ∞C, a temperature rise to 250 ∞C was accomplished at a rate of 5 ∞C min
. A mixture of C 8 ÐC 31 n-alkanes was previously separated under the above conditions, and their retention times were determined. Linear retention indices were calculated from the results of the chromatography of these mixtures and extracts, and after integration the fraction of each component in the total ion current (TIC) was calculated.
Identification of components
To identify the mixture components, both mass spectral data and calculated retention indices (RI exp ) were used. Mass spectrometric identification was carried out with the aid of an automated system, which formed a part of the instrumentation used. Identification consists in the comparison of mass spectra recorded during the analysis and those contained in the instrument library.
Retention indices of "neutral" components of hexane extracts were compared with those reported by Adams (1995) . The RI values for TMS were determined from the analysis of derivatives of authentic commercial preparations or taken from different papers (Tanaka and Hine, 1982; Tuchman et al., 1984; Lefevere et al., 1989; Greenaway and Whatley, 1991; Greenaway et al., 1992a Greenaway et al., , 1992b English et al., 1992) . When not less than three RI values are given for the same compound in different sources they were randomized.
Results and Discussion
Table I lists about 50 "neutral" compounds present in hexane extracts from buds of two poplar species in amounts of not less than 0.1% of TIC. There was some uncertainty when the literary values of retention indices were absent or when the differences between RI exp and RI lit were considerable (more than 5 index units). In these cases the component name is followed by a question mark indicating that its identification is not unambiguous.
The components listed in Table I can be divided into several groups the contribution of which to TIC are different for P. balsamifera and P. nigra. The first group (retention index range 1030Ð1360) consists of aromatic compounds: benzyl alcohol, 2-phenylethanol, eugenol, 2-hydroxybenzaldehyde, methyl acetophenone, and ethyl benzoate. Their fraction in extractive "neutral" compounds is not great: 3.0 and 5.7% TIC for P. balsamifera and P. nigra, respectively.
The second group is formed by sesquiterpene hydrocarbons (RI range 1400Ð1500) and sesquiterpenoids (RI range 1530Ð1670). In extracts from P. balsamifera buds, terpenoids fraction was 37.4%. It was reported (Greenaway et al., 1992b) that exudates of P. nigra buds virtually do not contain terpenoids and greatly differ in this characteristic from P. balsamifera. Terpenoids are also absent from the list of compounds identified in the P. nigra exudates by Maciejewicz et al. (2002) . However, according to our data, terpenoids group is second in importance among the components of hexane extracts from buds of this poplar species. The discrepancy is probably due to specific exudate samples preparation (Greenaway et al., 1992a (Greenaway et al., , 1992b English et al., 1992; Maciejewicz et al., 2002) which we have mentioned in the introduction. Their methodology involves at least partial loss of relatively volatile compounds. The actual difference between terpenoids composition in bud extracts of these two poplar species is the almost complete absence of sesquiterpene C 15 H 24 hydrocarbons in P. nigra.
Among sesquiterpenoids in buds of both poplar species, tertiary bicyclic alcohols with a structure of azulene type (guaiol and bulnesol) are prevailed. In the case of P. balsamifera, the contribution of isomeric alcohols of the selinane series (α-, -and γ-eudesmol) is also considerable (9%). The third group (RI range 1670Ð2390) is formed by esters of cinnamic acid. The total content of cinnamates in extracts of P. nigra was 3.7% TIC, whereas in P. balsamifera buds they not detected even in trace amounts.
About 50% of total ion current in recording the chromatograms of hexane extracts consisted of C 21 ÐC 31 n-alkanes. Higher alkanes are known to be one of the main components of cuticular waxes of plant leaves and stems. Moreover, in the homologue series the hydrocarbon fraction with an odd number of carbon atoms predominates considerably. In our case the value of CPI (Carbon Preference Index) (Isidorov, 1990) exceeded 10 for both poplar species.
Recently 2-phenyl ethyl esters of higher carboxylic acids have also detected in cuticular waxes (Gülz and Marner, 1986) . In hexane extracts of buds of both poplar species series of homologous esters of this alcohol consisting of eight components were recorded by the SIM (Selective Ion Monitoring) method with the aid of ions with m/z 104, 105, and 43. The relative contribution of each of them to TIC was on the level of 0.3Ð0.5%. Individual identification of these components was not carried out because their RI were not measured. Table II contains data on the composition of components identified in ether extracts of buds. Its comparison with the composition given in Table I shows that the lists of these compounds almost not overlap. Some of the relative polar "neutral" compounds (2-phenylethanol, eugenol, guaiol and 3,4-dimethoxy methyl cinnamate) were not extracted with hexane completely but partially passed into the ether fraction.
The components detected in ether extracts can also be divided into several groups. One of them consists of polyols: diols and glycerol. Their contents differ greatly; in extracts of P. balsamifera buds glycerol is one of the main components (12.7% TIC), whereas its content in P. nigra did not contain 1%.
The main fraction of the ether extract in buds of both poplar species consists of acidic compounds of aliphatic and aromatic series. The former are represented by saturated and unsaturated mono-, dicarboxylic and hydroxycarboxylic acids. Their total content was approximately equal and was on the level of 6% TIC. Aromatic acids are represented by two groups of compounds. One of them includes benzoic, 4-hydroxybenzoic, and 4-hydroxyphenyl acetic acids. The other one is formed by cinnamic acid and its derivatives.
Benzoic acid was one of the major components in extracts from P. balsamifera buds (12.8% TIC) but one of the minor components of P. nigra buds. The total content of cinnamic acids for both poplar species was approximately equal (21Ð27% TIC), although the differences in individual composition were considerable. For instance, the extracts from P. balsamifera buds contained an almost five times greater amounts of p-coumaric acid than that P. nigra, whereas the content of caffeic acid was seven times smaller.
The most pronounced difference is evidently observed in the contents of caffeates and flavonoids. In the case of P. nigra the total content of pentyl-, benzyl-, and 2-phenylethyl caffeates was 21% TIC, whereas they were almost completely absent in the extract of P. balsamifera. Three flavonoids (pinostrobin chalcone, pinocembrin and chrysin) formed 8% TIC of the P. nigra extract but were also completely absent in the second poplar species. Table III gives the group composition of hexane and ether extracts from buds of the two poplar species discussed here. The analysis of these data shows that chemotaxonomic differences are more- pronounced when the composition of "acidic" components are compared. However, they are also observed for "neutral" components. The extraction by a non-polar solvent made it possible to broaden greatly the list of components detected previously in buds of both poplar species. Moreover, sample preparation for extraction with he-
Conclusions
